Many genes show different expression levels in males and females, and these form the basis of sexually dimorphic phenotypes. Sex-biased genes experience accelerated rates of protein evolution, which has been attributed to sexual selection. However, it is possible that the increased rates of molecular evolution, and more importantly the sex-biased gene expression pattern itself, are due to decreased selective constraint. This notion may explain many of the patterns associated with sex-biased gene expression, and changes how we should view the role of natural and sexual selection in relation to these genes.
INTRODUCTION
In many animals, there are marked differences between the sexes, ranging from the gonad to dimorphic somatic phenotypes that function in mate choice as well as post-reproductive strategies. These sex-specific phenotypes are encoded by a shared underlying genome through differential transcription and translation levels, and interest in this type of gene expression has recently increased as studies have indicated that a large proportion of the transcriptome is sex biased in many animals (Ranz et al. 2003; Yang et al. 2006; Mank et al. 2008a) .
Sex-biased loci in general exhibit an accelerated rate of protein evolution, and many authors (including ourselves) have posited that this results from the powerful pressures of sexual selection (Zhang et al. 2004; Prö schel et al. 2006; Ellegren & Parsch 2007; Mank et al. 2007) . Clearly, positive selection is a driver in the evolution of male reproductive proteins associated with sperm competition and fertilization (Zhang et al. 2004; Begun & Lindfors 2005) ; however, sexual selection has been invoked to explain the accelerated rates of evolution for broader categories of sex-biased genes as well (Zhang et al. 2004; Prö schel et al. 2006) . The link is seductive, as a subset of sex-biased genes presumably code for the traits that are the basis of male competition and female choice. These traits are under strong selection owing to their role in reproductive success, manifesting in accelerated rates of protein change. This is an attractive argument, as it provides a link between phenotypes and the genome. However, we do not yet know what evolutionary constraints operate on gene expression or the mix of selection pressures acting on these genes. Recent studies indicate that sex-biased genes share a suite of characters, and these characters have implications as to the role of positive selection, which includes sexual selection, in shaping observed patterns of molecular evolution. These characteristics suggest that genes with sex-biased expression patterns are more dispensable, and this dispensability in turn leads to relaxed evolutionary constraints that may be responsible for much of the increase in evolutionary divergence (Barker et al. 2005) . More importantly, we hypothesize that dispensability may be an important predictor of sex-biased gene expression, and that indispensability may act as a brake on the resolution of sexually antagonistic selection and the evolution of sexual dimorphisms.
DISPENSIBILITY
Genes do not all share the same degree of importance in terms of an organism's ability to survive and reproduce. Definitions of dispensability vary, but genetic studies ranging from yeast to mice have identified those genes that are indispensable to survival or fertility (Hirsh & Fraser 2001; Giaever et al. 2002) and those at the other end of the continuum, which show no obvious knock-out phenotype (Barbaric et al. 2007; Liao & Zhang 2007) . Therefore, some genes are required, others appear to be superfluous, and most are intermediate between these extremes. This degree of importance is often referred to as dispensability, and while it is difficult to connect the measures of dispensability from unicellular eukaryotes to metazoans, we employ the term loosely here, intending it as a gauge for the phenotypic effects of a gene.
Critical genes generally show lower rates of functional protein change when compared with dispensable genes (Hirsh & Fraser 2001; Jordan et al. 2002; Pal et al. 2003; Wall et al. 2005; Liao & Zhang 2006) . This theoretically results from narrow fitness optima for critical genes, manifesting in strong purifying selection against functional mutations, the vast majority of which are deleterious. Genes that are less critical are subject to less purifying pressure, and evolve more rapidly simply through neutral processes.
Dispensable genes share key expression characteristics with sex-biased genes, suggesting that sexbiased genes themselves may be dispensable. Indeed, it is possible that genes with higher levels of dispensability may respond more quickly to sexually antagonistic selection, thereby evolving sex-biased expression, as different female and male transcription levels would be less likely to have deleterious effects for less critical genes.
EXPRESSION VARIANCE
Expression variance is not often discussed but has powerful implications. Both within- (Mank et al. 2008a) and among-population (Baker et al. 2007; Lawniczak et al. 2008 ) studies show higher variance for sex-biased genes. Similarly, critical genes have less variance among biological replicates (Fraser et al. 2004; Batada & Hurst 2007) , and this may be due to the interactive network structure of the transcriptome, which requires precise titres of protein levels to initiate, regulate and buffer complex functions and pathways (Batada et al. 2006b ). Perturbations in the One contribution of 11 to a Special Feature on 'Whole organism perspectives on understanding molecular evolution'.
protein components of critical pathways due to variance among individuals could theoretically have an amplifying effect downstream, resulting in maladaptive consequences. Thus, indispensable genes are tightly regulated, resulting in little variance in expression among individuals.
The fact that sex-biased genes have a higher variance in expression suggests that they are dispensable to some degree, though this may be confounded by differences in mutation rates. Variance in gene expression, at least part of which is genetic and heritable, provides the raw material for evolution, and may explain why sex bias can change rapidly among species ). Furthermore, dispensability may facilitate rapid changes in sex-biased gene expression without serious deleterious consequences to the organism. This also has implications for fitness optima (figure 1) of sex-biased versus unbiased genes. Variance in gene expression levels may be an indirect method to infer the width of fitness optima for individual genes, as higher variance may indicate wider optima.
PLEIOTROPY
Pleiotropy describes the phenomenon where one locus affects more than one trait, and can refer to various types of functions. Indispensable genes are more pleiotropic in terms of network connectivity than non-essential genes (Jeong et al. 2001; Hahn & Kern 2005) . Genetic networks are highly redundant (Ulitsky & Shamir 2007; Wagner & Wright 2007) , but redundancy decreases for proteins that have more interacting partners, and genes without redundant back-ups have a greater individual contribution to organismal fitness.
We do not yet have a full map of any metazoan genetic network; however, we do know that pleiotropy, measured by the expression breadth, or the number of tissues a transcript is found within, is lower for sex-biased genes (Mank et al. 2008b) . Similarly, the regulatory elements controlling sexbiased genes indicate that they are involved in fewer functionalities (Lawniczak et al. 2008) . If one accepts the analogy between pleiotropy in terms of expression breadth and functionality (Yanai et al. 2005; Liao & Zhang 2006 ) and pleiotropy in terms of genetic network connectivity (Batada et al. 2006a) , sexbiased genes exhibit characteristics suggesting a large proportion are dispensable. This makes logical sense, as pleiotropic constraints would prevent the realization of sex-biased gene expression regardless of sexual antagonism.
CONCLUSIONS
The characteristics we described above suggest that sex-biased genes are dispensable. However, that is not to say that indispensable genes are not subject to sexual antagonism, rather that sexual antagonism for these genes is less likely to produce sex-biased gene expression. If sex-biased genes are less critical, they would be subject to less powerful purifying selection, and would show elevated rates of functional protein change through neutral processes alone. Additionally, this reduction in purifying selection allows for two additional processes to occur. First, the lack of purifying selection associated with some degree of dispensability allows for flexibility in the fitness landscape of sex-biased genes. This then allows positive selection, sexual or otherwise, to influence the evolution of sex-specific expression patterns when genes are sexually antagonistic. It may be that indispensable genes have sex-specific fitness optima in some of their functionalities; however, constraints acting from other pathways or functions prevent them from realizing independent male and female fitness peaks. Dispensability may therefore allow for sexspecific selection to produce sex-biased gene expression patterns, and this has implications to the evolution of sexually selected phenotypes. If the evolution of sex-biased expression is limited to those genes that are non-critical, dispensability of the underlying genes may act as a brake on the evolution of sexually dimorphic traits. Testing these questions will require an integrated approach. Global dispensability is best measured in a systems biology framework, and systems biology data will be required to understand its role in metazoan evolution. Metazoan systems biology is a nascent field, and time is needed to develop network maps and functional genomics. In the meantime, we can focus on two persisting gaps. First, we need a better understanding of the actual loci under sexual selection in order to determine how sexual selection shapes gene expression patterns. Additionally, we need more extensive molecular data on divergence and standing polymorphisms in an array of animals in order to delineate the beacon of positive selection from relaxed constraint (McDonald & Kreitman 1991) . These are crucial if we want to understand how selection shapes expression patterns. 
